Four cases of Ebstein's anomaly are described, revealing that the clinical features permit diagnosis in the majority of instances and that cardiac catheterization affords precise confirmation of the diagnosis. The occurrence of this anomaly in acyanotic adults is pointed out. and the similarity to acquire(I valvular rheumatic heart disease is stressed. r 'HE congenital cardiac defect known as Ebstein's anomaly has been recognized as a pathologic entity for 90 years. 1 The first 80 years of this period constituted a relatively dormant era characterized by sporadic descriptions of the lesion at postmortem examination and by intimation that clinical recognition of this anomaly was not possible.2 Knowledge regarding Ebstein's anomaly has accumulated rapidly following the introduction of cardiac catheterization. A rapidly expanding body of information has accumulated in the literature in the past 10 years that has totally dispelled the myth of the diagnostic impregnability of Ebstein's anomaly. This recent experience has permitted the establishment of a definitive pattern of diagnostic clinical features. These features, when applied in the younger age patients, should lead promptly to the recognition of this anomaly.
The less well described occurrence of Ebstein's anomaly is in adults without cyanosis. This type of patient with Ebstein's anomaly constitutes a more formidable diagnostic challenge than does the cyanotic child in view of the possible confusion with acquired cardiac lesions. A description of the congenital malformation first described by Ebstein in May 26, 1956. 210 the septal and posterior leaflets, into a membranous structure extending into the cavity of the right ventricle and separating the right ventricle into a proximal and distal chamber.
The proximal portion, which consists of the sinus of the right ventricle, is continuous with the right atrium, while the distal portion, composed of the outflow tract of the right ventricle, functions as the right ventricle. The anterior leaflet of the valve is frequently normal; however, the septal and posterior leaflets are deformed and may be completely fused with the endocardium of the ventricle and not attached to the annulus fibrosus.
A defect in the atrial septum is almost invariably present and may consist of all anatomically patent foramen ovale or true atrial septal defect. The thin ventricular wall of the atrialized portion of the right, ventricle has been considered as an integral part of the malformation. However, this view is not definitely established, and Edwards29 believes that the thinning may be the result of the altered dynamics that exist secondary to the deformity of the valve rather than a primary abiotrophy of the muscle tissue. The distal or functional portion of the right ventricle may reveal hypertrophy of the musculature. An Representative precordial leads from electrocardiograms recorded at ages 2 weeks (top), 2 years (middle), and 5 years (bottom) demonstrate a normal QRS duration initially with subsequent widening into a pattern of right bundle-branch block. The P waves are slightly prominent at 2 weeks of age and show progressive increase in amplitude and duration with increasing age.
IV in intensity and blowing in quality. A protodiastolic sound was audible at the base of the heart producing a gallop rhythm. The lower border of the liver was palpable 2 cm. below the right costal margin.
The electrocardiogram revealed a distinct change from the previous tracing in that the QRS interval had widened to 0.12 second with a resulting pattern of right bundle-branch block ( fig. 1 ). The P wave had increased in amplitude in V2.
Fluoroscopic examination revealed a decreased vascularity of the lung fields, a normal size of the right and left pulmonary arteries, and a concavity in the region of the main pulmonary artery. The right atrium was considerably enlarged. The ventricular area was also enlarged with no specific configuration ( fig. 2) Physical examination revealed a well developed, well nourished woman with flushing of the malar eminences of the face. In the left lateral decubitus position a short, presystolic thrill was felt at the apex. A localized shock-like heave was palpable at the lower left sternal border. The heart was enlarged to the anterior axillary line on percussion. Auscultation revealed reduplication of the first sound in the right second intercostal space and a grade II systolic murmur in this area. The second sound in the left second intercostal space was reduplicated and was of greater intensity than the second sound in the aortic area. The first sound at the cardiac apex was accentuated, producing a staccato quality. A second heart sound of normal intensity was present at the apex and was followed by a faint third heart sound. A low pitched, diastolic murmur with presystolic accentuation was heard immediately after the third heart sound. A grade II, blowing systolic murmur was present at the lower left sternal border. This murmur increased in intensity during inspiration.
Electrocardiography revealed a prolonged QRS interval of 0.12 second with a pattern of complete right bundle-branch block ( fig. 3 ). High amplitude broadened P waves were present in the right precordial leads.
Roentgenologic examination ( fig. 4C ) showed the pulmonary vascularity to be normal. The right and left pulmonary arteries and the main pulmonary artery were normal in size and in amplitude of pulsation, while the aorta was small and quiet. The over-all heart size was moderately increased owing to the enlargement of the right heart chamber.
Cardiac catheterization was carried out without incident on October 19, 1954 (table 1) . At the time of cardiac catheterization, the diagnosis was rheumatic heart disease with mitral and tricuspid valve involvement. Right heart chamber samples were not obtained, and the catheter position on withdrawal from the right ventricle to the right atrium was not specifically observed. Full 
DISCUSSION
Symptomatology. The symptoms associated with Ebstein's anomaly are, for the most part, nonspecific and afford little aid in establishing a diagnosis. The symptoms occurring in children with the cyanotic form of this anomaly include such general features as inadequate development and weight gain, excessive perspiration of the head and neck, and limitation of exercise tolerance. The mild degree of these symptoms with cyanosis often occurring later in childhood is of minor diagnostic value in that the most common lesion producing cyanosis in children, the tetralogy of Fallot, tends to be excluded.14 The finding in case 2 that a cyanotic child could walk half a mile, did not squat, and had no episodes of paroxysmal dyspnea, suggested the presence of anomalies other than the tetralogy of Fallot.
The symptoms in noncyanotic patients, particularly those in the age groups where acquired valvular heart disease is common, are almost totally devoid of diagnostic significance. Relatively good exercise tolerance in the presence of considerable cardiomegaly, as in case 3, might be considered as a possible diagnostic aid. The occurrence of these variant forms of QRS complexes permits a reconstruction of the development of the classic pattern of complete right bundle-branch block. The finding of normal conduction and intermediate degrees of incomplete block suggests that the conduction impairment is not an intrinsic element of the anomaly caused by a defect in the conduction system itself, but is a result of changes in structure of the right ventricle due to the physiologic stress imposed by the tricuspid valve deformity.2 28 The serial tracings from case 1 ( fig. 1 ) offer conclusive evidence that intraventricular conduction may be normal shortly after birth and be progressively lengthened with increasing age. It is postulated that the right bundle-branch block arises as a result of the dilatation and thinning of the atrialized proximal portion of the right ventricle. Normal conduction or partial degrees of right bundle-branch block may be present at an early age or in milder forms of the anomaly where this portion of the right ventricle is less markedly dilated.
Right ventricular hypertrophy is a disconcerting feature that considerably diminishes the diagnostic value of the electrocardiogram when present. Hypertrophy of the right ventricle has seldom been described at postmortem examination. However, hypertrophy of the distal portion of the right ventricle was described by Brown and therefore is subject to a relative increase in work load in relation to a normal output. Evidence of severe right ventricular hypertrophy must be ascribed to other types of physiologic stress such as the marked tricuspid insufficiency present in the patient described by Kjellberg.12 The occasional finding of left bundle-branch block is considered a manifestation of an associated cardiac lesion. Coronary atherosclerosis may well have been responsible for this phenomenon in the elderly patient described by Adams and Hudson. 17 The P-wave abnormalities are an equally consistent feature of the electrocardiogram in Ebstein's anomaly.25 Tall, broadened P waves characteristically occur in precordial leads overlying the right atrium and in the limb leads, reflecting the potential developed in this chamber. The increased amplitude of these P waves is clear evidence of hypertrophy of the right atrium. The broadened duration of these P waves frequently results in prolongation of the P'R interval. The broadening and slurring of the P waves can be interpreted as reflecting dilatation of this chamber with consequent delay in conduction.
An additional electrocardiographic feature of Ebstein's anomaly is the occurrence of supraventricular arrhythmias. These may consist of paroxysmal atrial or nodal tachycardias and occasionally atrial flutter or fibrillation (case 3).7 , 13, 25, 28 Roenigenography. 4) . The right and left pulmonary arteries are usually small and show small amplitude pulsations. The vascularity of the lung fields may appear normal or decreased, depending on the magnitude of the right-to-left shunt. The aorta is typically small and inactive. '4 30 The over-all pattern produced by these features is an enlarged, quiet heart with a globular configuration and a narrow pedicle usually accompanied by decreased vascularity of the lung fields. This pattern is generally distinctive from that of the tetralogy of Fallot or of isolated valvular pulmonic stenosis, 2 congenital lesions often confused with Ebstein's anomaly. The differential diagnosis in adults must include consideration of acquired tricuspid valve disease and pericardial effusion. '4' 26 Angiocardiography has proved a useful diagnostic aid in this anomaly.4 12-14 18 The usual elements noted following injection of contrast material are a voluminous right atrium that remains opacified for a prolonged period, prompt filling of the left atrium through a patent foramen ovale in the cyanotic patient, a deformed right ventricular chamber situated well toward the left heart border, and poor visualization of the main and peripheral pulmonary arteries.
Cardiac Catheterization. Ebstein's anomaly has been established as a clinical entity largely as a result of information derived by cardiac catheterization. This diagnostic procedure continues to be the most effective means of confirming the presence of this anomaly. The emphasis on serious complications accompanying cardiac catheterization in the initial reports'4' 18 has not been substantiated in the more recent reports of larger numbers of patients."' 1'2' 26 The arrhythmias occurri'ig in cases 2 and 3 in this series were no more significant than similar arrhythmias occurring during cardiac catheterization in patients with other forms of congenital cardiac anomalies.
The principal diagnostic features on cardiac catheterization consist of a greatly enlarged right atrium, displacement of the tricuspid valve to the left, normal right ventricular, pulmonary arterial and pulmonary arterial wedge pressure, and absence of an arteriovenous shunt. These elements in a cyanotic patient are conclusively diagnostic. In an acyanotic adult considered to have rheumatic valvular disease, the hemodynamic pattern should reveal the diagnostic error. However, cardiac catheterization will not be diagnostic of Ebstein's anomaly unless the clinician includes this congenital defect in the precatheterization differential diagnosis.
The specific details of the pressure phenomena recorded in the right heart chambers and pulmonary arterial system are of minor diagnostic value. They are of considerable value, however, in leading to an understanding of the altered hemodynamics associated with this unusual form of congenital heart disease. The result of contraction of the enlarged right atrium influences the pressure patterns obtained at all levels. An elevated mean pressure with a prominent a wave is the usual pattern recorded in the right atrium. This accentuated a wave reflecting hypertrophy of the right atrium can be considered to result from an impedance to normal emptying of the right atrium due to the small volume of the distal portion of the right ventricle, and to possible minor degrees of tricuspid stenosis. A 
